Armed Forces College of 
Medicine 
AFCM 


Post graduate Musculo-skeletal 


Muscle Tissue-2 


Ass. Prof. Walaa Baher Mostafa 


postgraduate Musculo-skeletal 


INTENDED LEARNING OBJECTIVES (ILO) ©) 


By the end of this lecture, the student should be able to: 


e Describe the structure and correlated functions of the 
sarcoplasmic reticulum and T-tubule system of the skeletal 
muscle fibers 

e Differentiate types of the skeletal muscle fibers 

e Identify the origin, growth and regeneration of the skeletal 
muscle fibers 
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e Function:- regulation of muscle 
contraction by releasing or 
sequestering Ca { it regulates 
Ca conc. within the myofibril } 
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e The invaginations of the T system occur in the transition between the A and I bands twice 


in every sarcomere. 
e They associate with 2 terminal cisternae of the sarcoplasmic reticulum (SR),forming triads. 


e Abundant mitochondria lie between the myofibrils. 


e Rigor mortis 

It is a state of sustained muscle contraction after 
death. 

Cause: 


Mitochondria no longer provide ATP after death [] 
stable actin-myosin crossbridges [| muscle stiffness 


etwo Z lines inward[] shorting the distance 
bet. them. 


el- band becomes shorter. 


e H zone disappears as it will contain both 
actin & myosin (give reason for?). 


e A-band dosen't change. 


e The sarcomere & whole myofibril are 
shortened. 
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UGlycogen 

UIMyoglobin:- 

>|t is Oxygen binding protein. 

>It is functionally & chemically related to HB 
>|t is red to brown in colour 


> According to its conc. in muscle 
fibers:- 


1) Red fibers 
2) White fibers 
3) Intermediate fibers 
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White fibers ( type II Red fibers (type I) BENENE 


Larger Small in diameter Fiber diameter 


Less myoglobin Large amount of myoglobin |Myoglobin 
content 
More glycogen Less glycogen Glycogen 
content 
Few mitochondiia Many mitochondria Mitochondria 


Anaerobic glycolysis Oxidative phosphorylation Der source of 
: : Í Slow &continuous contraction Speed of 


Easily fatigued Rate of fatigue 


Not easily fatigued 


Extraocular muscle Postural muscles Major location 


dd Growth:- 
l.In length: by satellite cells. 


2.In width (hypertrophy): by newly synthesized protein by 
ribosome, thus increasing number of myofibrils. 


d Regeneration:- 
By activity of satellite cells. 


e The variation in diameter of muscle fibers depends on: specific muscle, 


age, gender, nutritional status, and physical training of the individual. 


+ Hypertrophy: Enlargement of skeletal muscle diameter due to 


formation of new myofibrils. Occur as a result of exercise 


e Hyperplasia: An increase in the number of cells. Takes place in 
smooth muscle, whose cells have not lost the capacity to divide by 


mitosis. 


(not in skeletal muscle) 


e Blood vessels enter muscle through epimysium > branch in 
perimysium- capillaries in between muscle fibers. 


A. Sensory nerve fibers: starts at sensory n. endings 


(i.e. muscle spindle & Golgi tendon organs). 


B. Motor nerve fibers: ends at motor end plate (myo- 


neural junction) 
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l.The external lamina of the Schwann cell fuses with that of the 
sarcolemma. 

2. Each axonal dilated termination contains mitochondria and 
numerous synaptic vesicles containing acetylcholine. 

3. Between the axon and the muscle is the synaptic cleft. 

4. Adjacent to the synaptic cleft, the sarcolemma is thrown into 
numerous deep junctional folds, which provide for greater 


Medical application 


Myasthenia gravis 


e An autoimmune disorder that involves antibodies against acetylcholine 
receptors preventing acetylcholine activation of their receptors [] intermittent 


periods of skeletal muscle weakness. 


e As the body attempts to correct the condition, junctional folds of sarcolemma 
with affected receptors are internalized, digested by lysosomes, and replaced by 
newly formed receptors. These receptors, however, are again made 
unresponsive to acetylcholine by similar antibodies, and the disease follows a 


progressive course. 


e The extraocular muscles of the eyes are commonly the first affected. 


Medical application 


Duchenne muscular dystrophy 


Is a genetic disease that result from mutation in the gene coding for dystrophin 


protein. 


Dystrophin is a large actin-binding protein located just inside the sarcolemma of 


Skeletal muscle fibers, which is involved in the functional organization of myofibrils. 


Mutations of the dystrophin gene can lead to defective linkages between the 
cytoskeleton and the extracellular matrix (ECM) [jinterruption of these weak 


linkages during contraction [] causing the atrophy of muscle fibers 


Test yourself 


1. The basal lamina of a muscle fiber is part of 
which structure? 

a. Perimysium 

b. Epimysium 

c. Fascia 

d. Endomysium 

e. Sarcoplasmic reticulum 


2. With the transmission electron microscope skeletal 
muscle fibers can be seen to contain structures called 
triads. What do the two lateral components of a triad 
represent? 


a. Attachment sites for thick myofilaments 

b. Sites for calcium sequestration and release 

c. Sites for impulse conduction into the fiber 

d. Sites for ATP production 

e. Sites for synthesis of proteins to be secreted outside the 


cell 


3. Which feature typifies T-tubules2 

a. Evaginations of the sarcoplasmic reticulum 

b. Sequester calcium during muscle relaxation, releasing it 
during contraction 

c. Carry depolarization to the muscle fiber interior 

d. Overlie the A-I junction in cardiac muscle cells 


e. Rich supply of acetylcholine receptors 


4. A 66-year-old man who lives alone has a severe 
myocardial infarction and dies during the night. The 
medical examiner's office is called the follovving 
morning and describes the man's body as being in 
rigor mortis. This state of rigor mortis is due to vvhich 
one of the following? 


a. Inhibition of Ca2+ leakage from the extracellular fluid and 
sarcoplasmic reticulum 

b. Enhanced retrieval of Ca2+ by the sarcoplasmic reticulum 

c. Failure to disengage tropomyosin and troponin from the 
myosin active sites 

d. Absence of ATP preventing detachment of the myosin 

heads from actin 
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5. A 5-year-old boy sustains a small tear in his 
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gastrocnemius muscle when he is involved in a 
bicycle accident. Regeneration of the muscle will 
occur through which of the following mechanisms2 


. Dedifferentiation of muscle cells into myoblasts 

. Differentiation of muscle satellite cells 

. Fusion of damaged myofibers to form new myotubes 
. Hyperplasia of existing muscle fibers 


. Differentiation of fibroblasts to form myoblasts 


6. A healthy 32-year-old man lifts weights regularly as 

part of his workout. 
In one of his biceps muscle fibers at rest, the length 
of the I band is 1.0 um and the A band is 1.5 um. 
Contraction of that muscle fiber results in a 10% 
shortening of the length of the sarcomere. What is 
the length of the A band after the shortening 
produced by muscle contraction? 
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